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Description

[0001] The presentinvention relates to a signal processing device and method, and a signal processing program used
therein.

[0002] Asamethod of removing noise from an input signal by performing filter processing, a method in which a plurality
of filter processing units are series-coupled to perform a plurality of filter processing operations in series (hereinafter,
referred to as a method of series-coupling a plurality of filter processing operations) is well known. Series-coupling a
plurality of filter processing operations may cause an increase in capacity of memory necessary for holding input signals
in terms of hardware and may cause an increase in processing time which is difficult to divide in terms of software. In
addition, in the case that a plurality of filter processing operations are series-coupled, it may sometimes occur that an
appropriate filter processing operation is not performed on an input signal at a succeeding stage, due to the influence
of a change in the input signal induced by a filter processing operation performed at a previous stage.

[0003] Thus, methods in which a plurality of filter processing units are parallel-coupled to perform a plurality of filter
processing operations in parallel (hereinafter, referred to as a method of parallel-coupling a plurality of filter processing
operations) have been proposed. As examples of such methods, mainly, the following three methods are well known.
[0004] As the first method, there is a method of realizing parallel-coupling of a plurality of filter processing operations
by calculating a running average using input signals on which a plurality of filter processing operations have been
performed respectively using a plurality of filters. As the second method, there is a method of obtaining a difference
between an input signal and an input signal on which a filter processing operation has been performed for each filter to
add the difference obtained for each filter processing operation to the input signal.

[0005] As the third method, there is a method of switching a filter used for a filter processing operation for each region
of an input image formed on the basis of an input signal. As an example of the third method, there has been proposed
a method in which an input image is divided into pixel blocks and a filter for block noise reduction is switched to a filter
for mosquito noise reduction or vice versa for each pixel block to perform a filter processing operation using either one
of these filters to reduce artifacts appearing on the input image, for example, as disclosed in Japanese Laid-Open Patent
Publication No. 2005-318614.

[0006] However, it has been difficult to readily and surely remove noise from an input signal for the above mentioned
techniques of parallel-coupling a plurality of filter processing operations.

[0007] Forexample, in the first method, since parallel-coupling of the plurality of filter processing operations is realized
by obtaining the running average, the more the number of filter processing operations to be parallel-coupled is increased,
the more the noise removing effect is reduced. In the second method, since each difference is simply added to the input
signal, the effect brought about by another filter processing operation is canceled by execution of a predetermined filter
processing operation and hence unintended adverse effects and artifacts may be induced.

[0008] In addition, in the third method, since the filter used is switched for each region, a boundary between adjacent
regions on the input image may become artificial. Further, in the case that a filter processing operation is performed on
an animated image by the third method, a filter processing operation which is different for different time (frame) is
performed on a region of the same part of the input image and hence the time-directional stability of the filter processing
operation may be reduced.

[0009] Various respective aspects and features of the invention are defined in the appended claims. Combinations of
features from the dependent claims may be combined with features of the independent claims as appropriate and not
merely as explicitly set out in the claims.

[0010] Embodiments of the present invention have been conceived of in view of the above mentioned circumstances
so as to remove noise more readily and surely than would have been ever realized.

[0011] Accordingtoanembodiment ofthe presentinvention, there is provided a signal processing device for performing
filter processing operations on an input signal using a plurality of filters to generate an output signal, including filter
processing means for performing a filter processing operation on the input signal using a filter and generating means
for generating the output signal by adding a correction value determined on the basis of each sign and each absolute
value of each difference between each of filtered output signals obtained by the filter processing operations performed
using a plurality of the above mentioned filter processing means and the input signal, to the input signal.

[0012] Inthe case that, among differences between each of the filtered output signals and the input signal, the product
of a difference of a maximum value and a difference of a minimum value is zero or more, the generating means may
define one of the difference of a maximum value and the difference of a minimum value which has a larger absolute
value as the correction value.

[0013] Inthe case that, among differences between each of the filtered output signals and the input signal, the product
of a difference of a maximum value and a difference of a minimum value is less than zero, the generating means may
define the sum of the difference of the maximum value and the difference of the minimum value as the correction value.
[0014] Firstfilter processing means of the plurality of filter processing means may perform the filter processing operation
using a filter for performing smoothing processing and a second filter processing means of the plurality of filter processing
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means may perform the filter processing operation using a filter having an edge saving property.

[0015] According to an embodiment of the present invention, there is provided a signal processing method or a signal
processing program for performing filter processing operations on an input signal using a plurality of filters to generate
an output signal, including the steps of performing a filter processing operation on the input signal by means of filter
processing means using a filter and generating the output signal by adding a correction value determined on the basis
of each sign and each absolute value of each difference between each of filtered output signals obtained by the filter
processing operations performed using a plurality of the above mentioned filter processing means and the input signal,
to the input signal.

[0016] According to an embodiment of the present invention, a filter is used by a filter processing unit to perform a
filter processing operation on an input signal and a correction value determined on the basis of each sign and each
absolute value of each difference between each of filtered output signals obtained by the filter processing operations
performed by means of a plurality of filter processing units and the input signal is added to the input signal to generate
an output signal.

[0017] According to an embodiment of the present invention, noise may be removed more readily and surely than
would have been ever realized.

[0018] Embodiments of the invention will now be described with reference to the accompanying drawings, throughout
which like parts are referred to by like references, and in which:

Fig. 1 is a block diagram showing a structural example of an embodiment of a signal processing device to which
the present invention is applied;

Fig. 2 is a diagram showing a more detailed structural example of a mixing unit;

Fig. 3 is a flowchart illustrating noise reduction processing;

Fig. 4 is a diagram illustrating block noise generated in a vertical direction;

Fig. 5 is a diagram illustrating block noise generated in a horizontal direction;

Fig. 6 is a diagram illustrating a manner of removing block noise generated in vertical and horizontal directions;
Fig. 7 is a diagram illustrating an example of an image formed on the basis of an input signal;

Fig. 8is a diagram illustrating regions to be subjected to a filter processing operation performed by a filter for contour
correction processing;

Fig. 9 is a diagram illustrating regions to be subjected to a filter processing operation performed by a filter for image
quality (qualitative impression) improvement processing;

Fig. 10 is a diagram illustrating regions where block noise is generated,;

Fig. 11 is a diagram illustrating regions where mosquito noise is generated,;

Fig. 12 is a diagram showing another structural example of the signal processing apparatus according to an em-
bodiment of the present invention;

Fig. 13 is a diagram illustrating generation of one output signal;

Fig. 14 is a diagram illustrating generation of another output signal; and

Fig. 15 is a diagram showing a structural example of a computer.

[0019] Next, preferred embodiments of the present invention will be described with reference to the accompanying
drawings.

[0020] Fig. 1is a block diagram showing a structural example of one embodiment of a signal processing device to
which the present invention is applied.

[0021] A signal processing device 11 includes a buffer 21, a filter processing unit 22-1, a filter processing unit 22-2
and a mixing unit 23.

[0022] An input signal from which noise is to be removed is supplied to the buffer 21. This input signal is a signal
having consecutive signal values and may be, for example, an image signal of a static image or an animated image. In
the case thatthe input signal is an image signal, signal values of the input signal indicate pixel values of pixels on animage.
[0023] The buffer 21 holds the supplied input signal and performs buffering on the input signal, and supplies the held
input signal to the filter processing unit 22-1, the filter processing unit 22-2 and the mixing unit 23.

[0024] The filter processing unit 22-1 and the filter processing unit 22-2 hold filters which are different from each other
and perform filter processing operations on the input signals supplied thereto from the buffer 21 using the filters held
therein. Then, the filter processing unit 22-1 and the filter processing unit 22-2 supply filtered output signals obtained by
performing the filter processing operations on the input signals to the mixing unit 23. Incidentally, in the case that there
is no need to discriminate the filter processing unit 22-1 from the filter processing unit 22-2, hereinafter, the filter processing
units will be simply referred as the filter processing unit 22.

[0025] The mixing unit 23 removes noise from the input signals on the basis of the input signal supplied from the buffer
21 and the filtered output signals supplied from the filter processing unit 22-1 and the filter processing unit 22-2 to output
an output signal obtained as a result of noise removal.
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[0026] More specifically, the mixing unit 23 is constructed as shown in Fig. 2. That s, the mixing unit 23 has a subtracting
unit 51-1, a subtracting unit 51-2 and a mixing processing unit 52.

[0027] Inthe mixing unit 23, the input signal from the buffer 21 is supplied to the subtracting unit 51-1, the subtracting
unit 51-2 and the mixing processing unit 52. The filtered output signal from the filter processing unit 22-1 is supplied to
the subtracting unit 51-1 and the filtered output signal from the filter processing unit 22-2 is supplied to the subtracting
unit 51-2.

[0028] The subtracting unit 51-1 acquires a difference between the input signal from the buffer 21 and the filtered
output signal from the filter processing unit 22-1 and supplies a difference signal obtained to the mixing processing unit
52. The subtracting unit 51-2 acquires a difference between the input signal from the buffer 21 and the filtered output
signal from the filter processing unit 22-2 and supplies a difference signal obtained to the mixing processing unit 52.
Incidentally, in the case that there is no need to discriminate the subtracting unit 51-1 from the subtracting unit 51-2,
hereinafter, the subtracting units will be simply referred to as the subtracting unit 51.

[0029] The mixing processing unit 52 performs mixing processing on the basis of the difference signal from the sub-
tracting unit 51-1, the difference signal from the subtracting unit 51-2 and the input signal from the buffer 21 to generate
an output signal.

[0030] Next, noise reduction processing for removing noise from an input signal input into the signal processing device
11 will be described with reference to a flowchart in Fig. 3.

[0031] Atstep S11, the buffer 21 holds input signals supplied thereto and sequentially supplies the input signals held
therein to the filter processing units 22 and the mixing unit 23. That is, the buffer 21 sequentially supplies consecutive
signal values of the input signal to the filter processing units 22 and the mixing unit 23. The buffer 23 continuously
acquires the input signals until supply of input signals to the signal processing device 11 is terminated and holds therein
the acquired input signals.

[0032] Atstep S12,the filter processing unit 22-1 and the filter processing unit 22-2 perform filter processing operations
on the input signals supplied from the buffer 21 using the filters held therein and supply filtered output signals obtained
as a result of execution of the filter processing operations to the subtracting unit 51-1 and the subtracting unit 51-2.
[0033] For example, the filter processing unit 22 performs a filter processing operation on a target signal value of the
input signal using several signal values of the input signal supplied from the buffer 21. More specifically, in the case that
the input signal is an image signal, the filter processing unit 22 performs a filter processing operation by means of the
filter held therein on a target pixel of an image formed on the basis of the input signal using the pixel value (signal value)
of the target pixel and pixel values (signal values) of several pixels in the vicinity of the target pixel.

[0034] Atstep S13, the subtracting unit 51-1 and the subtracting unit 51-2 respectively calculate differences between
the filtered output signal from the filter processing unit 22-1 and the input signal from the buffer 21 and between the
filtered output signal from the filter processing unit 22-2 and the input signal from the buffer 21 to obtain difference signals
and supply the difference signals obtained to the mixing processing unit 52. That is, the subtracting unit 51 subtracts,
from a signal value of the input signal, a signal value of the filtered output signal corresponding to the signal value of
the input signal to obtain a difference and supplies a value of the obtained difference to the mixing processing unit 52.
[0035] Atstep S14,the mixing processing unit 52 performs mixing processing to generate an output signal and outputs
the generated output signal as a noise-removed input signal. Supposing that Input denotes a signal value of an input
signal from the buffer 21, the mixing processing unit 52 calculates the following equation (1) to obtain a signal value Out
of an output signal.

[Numerical Formula 1]

Out = Input+difigig e (1)

[0036] In the equation (1), dif,,, denotes a correction value determined from a difference signal from the subtracting
unit 51 by calculating the following equations (2) and (3).

[Numerical Formula 2]

) d|f1+d|f2 (d|f1d|f2<0)
difiotal = , : : : ce (2)
max_abs (dify, dif,) (dif;-dif,>0)
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[Numerical Formula 3]

. dif;  (ldify[>|dif,])
max_abs (dify, dify) = <+ (3)
dif, ([difil<|dify])

[0037] In the equations (2) and (3), dif; denotes a signal value of a difference signal from the subtracting unit 51-1
and dif, denotes a signal value of a difference signal from the subtracting unit 51-2.

[0038] That is, the mixing processing unit 52 obtains the product of the signal value dif; of the difference signal and
the signal value dif, of the difference signal. Then, in the case that the sign of the obtained product of the signal values
is negative, that is, the value of the product is less than 0, the sum of the signal value dif; and the signal value dif, of
the difference signals is defined as a correction value difyg,.

[0039] In the case that the product of the signal value dif; of the difference signal and the signal value dif, of the
difference signal is positive, that is, the value of the product is 0 or more, the mixing processing unit 52 defines any one
of the signal value dif; and the signal value dif, as the correction value dify,, in accordance with the equation (3). That
is, in the case that an absolute value of the signal value dif; is larger than an absolute value of the signal value dif,, the
signal value dify is defined as the correction value dify,.,. While, in the case that the absolute value of the signal value
dif, is smaller than the absolute value of the signal value dif,, the signal value dif2 is defined as the correction value difyy,).
[0040] Adter the correction value dif,,, has been obtained, the mixing processing unit 52 obtains the sum of the
obtained correction value dif,,,, and the signal value Input of the input signal and defines the obtained sum as the signal
value Out of the output signal.

[0041] At step S15, the signal processing device 11 judges whether the processing is to be terminated. For example,
when the mixing processing has been performed on all the signal values of the input signal supplied to the buffer 21
and the signal value of the output signal has been obtained, the processing is judged to be terminated.

[0042] At step S15, in the case that the processing has been judged not to be terminated, the processing returns to
step S12 and the above mentioned series of processing operations is repeated. That is, the next signal value of the
input signal held in the buffer 21 is regarded as an object to be processed and a signal value of the output signal is
obtained on the basis of the next signal value.

[0043] On the other hand, in the case that the processing has been judged to be terminated at step S15, each section
of the signal processing device 11 terminates execution of each processing operation which is currently being conducted,
by which the noise reduction processing is terminated.

[0044] Inthe above mentioned manner, the signal processing device 11 generates an output signal using differences
between each of filtered output signals obtained by performing the filter processing operations using different type filters
and an input signal.

[0045] Thus, by adding a correction value determined on the basis of each sign and each absolute value of each
difference between each of the filtered output signals and the input signal to the input signal in the above mentioned
manner, a filter processing operation performed using at least one of the plurality of filters is secured.

[0046] That is, in the case that the product of one signal value of one difference signal and the other signal value of
the other difference signal is less than 0, the signs of the signal values of the difference signals differ from each other,
so that even though the above mentioned signal values are simply added to the input signal, the input signal will not be
emphasized too much due to execution of the filter processing operation. Thus, in the case that the product of one signal
value of one difference signal and the other signal value of the other difference signal is less than 0, the sum of the
signal values of the difference signals is defined as the correction value, by which the effect of the filter processing
operation performed using each filter is reflected in the input signal.

[0047] On the other hand, in the case that the product of one signal value of one difference signal and the other signal
value of the other difference signal is O or more, the signal value of at least one difference signal is 0 or the signs of the
signal values of the respective difference signals are the same as each other. Thus, simple addition of the signal values
of the difference signals to the input signal may induce too much emphasis of the input signal and hence the quality of
the input signal, for example, the image quality of an image may be rather deteriorated.

[0048] Thus, in the case that the product of one signal value of one difference signal and the other signal value of the
other difference signal is 0 or more, a signal value having a maximum absolute value of the signal values of the difference
signals is defined as the correction value. That is, a filter processing operation is performed on the input signal using a
filter which will work on the input signal most effectively. As a result, noise is surely removed from the input signal by
performing the filter processing operation using one filter without deteriorating the quality of the input signal.
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[0049] As described above, noise is more readily and surely removed from the input signal by correcting the input
signal with the correction value determined on the basis of the sign and the absolute value of the signal value of each
difference signal.

[0050] Incidentally, in general, in the case that a plurality of filters are mounted, in many cases, filter processing is
horizontally and vertically divided. If independence of horizontally and vertically divided pieces of filter processing is
high, parallel execution of the divided pieces of the filter processing is realized.

[0051] Then, for example, as a combination of filters held in the filter processing unit 22-1 and the filter processing
unit 22-2, a combination of a filter (hereinafter, referred to as a VBN ((Vertical Block Noise) filter) for removing block
noise generated in a vertical direction with a filter (hereinafter, referred to as a HBN ((Horizontal Block Noise) filter) for
removing block noise generated in a horizontal direction may be conceived of. More specifically, as the VBN filter and
the HBN filter, for example, a smoothing filter using vertically arrayed pixels as objects to be processed and a smoothing
filter using horizontally arrayed pixels as objects to be processed may be adopted.

[0052] Incidentally, block noise is noise generated in units of DCT (Discrete Cosine Transform) blocks upon execution
of image compression processing. Generation of the block noise leads to misalignment between adjacent DCT blocks
at the boundary of these blocks.

[0053] For example, as shown in Fig. 4, it is supposed that block noise has been generated longitudinally or vertically
in the drawing within a region R11 of an image formed on the basis of an input signal. Incidentally, in Fig. 4, one square
indicates one pixel and a lateral straight line shown by an arrow All indicates a boundary between the DCT blocks.
[0054] Vertical block noise has been generated in the vicinity of a longitudinal side of each DCT block, in the drawing.
In the example shown in Fig. 4, the vertical block noise has been generated in the region R11. A VBN filter oriented in
a vertical (longitudinal) direction is suitable for removing the vertical block noise.

[0055] Likewise, for example, as shown in Fig. 5, it is supposed that block noise has been generated laterally or
horizontally, in the drawing, within a region R21 of an image formed on the basis of an input signal. Incidentally, in Fig.
5, one square indicates one pixel and a longitudinal straight line shown by an arrow A21 indicates a boundary between
the DCT blocks.

[0056] Horizontal block noise has been generated in the vicinity of a lateral side, in the drawing, of each DCT block.
In the example shown in Fig. 5, the horizontal block noise has been generated in the region R21. An HBN filter oriented
in a horizontal (lateral) direction is suitable for removing the horizontal block noise.

[0057] Therefore, as shown in Fig. 6, in the case that vertical block noise has been generated within a region R11 of
an image formed on the basis of an input signal and horizontal block noise has been generated within a region R21 of
the same image, the noise is effectively removed from the input signal by using the VBN filter and the HBN filter.
[0058] That is, in the above mentioned case, vertical and horizontal block noise will be generated in a region BL11
included both in the region R11 and the region R21. Thus, in order to remove the vertical and horizontal block noise
from within the region BL11, filter processing operations using the VBN filter and the HBN filter may be performed on
the region BL11.

[0059] Thus, for example, the filter processing unit 22-1 performs a filter processing operation on a part corresponding
to the region BL11 of the image formed on the basis of the input signal using the VBN filter and the filter processing unit
22-2 performs a filter processing operation on the part using the HBN filter. Then, the mixing unit 23 obtains a correction
value determined on the basis of each sign and each absolute value of each signal value of each difference signal, from
respective filtered output signals obtained by performing the above mentioned filter processing operations and the input
signal to generate an output signal. As a result, at least one of the vertical block noise and the horizontal block noise is
surely removed from the region BL11 without deteriorating the quality of the image.

[0060] As described above, the filter processing units perform respective filter processing operations in parallel with
each other using the VBN filter and the HBN filter to correct the input signal with the correction value determined on the
basis of each sign and each absolute value of each signal value of each difference signal, by which memory capacity
and processing time are reduced to a greater extent than would be attained by series-coupling respective filter processing
operations. As a result, the production cost and calculation cost involved in production of the signal processing device
11 are reduced. It may not be necessary to change a filter used for noise removal for each range of signal values to be
processed of an input signal, for example, for each partitioned region of an image and hence more ready and sure noise
removal is attained.

[0061] In addition, as a combination of filters held in the filter processing unit 22-1 and the filter processing unit 22-2,
a combination of a filter for contour correction processing to emphasize a contour part of an object on an image with a
filter for image quality (qualitative impression) improvement processing to emphasize a pattern (texture) part on the
surface of the object on the image may be conceived of.

[0062] For example, it is supposed that an image signal of an image on which two objects, that is, an object OB11
and an object OB12 are displayed is input into the signal processing device 11 as an input signal as shown in Fig. 7. It
is also supposed that a filter for contour correction processing and a filter for image quality (qualitative impression)
improvement processing are respectively held in the respective filter processing units 22.
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[0063] In the above mentioned case, a filter processing operation is performed on contour parts or shaded parts of
the object OB11 and the object OB12 mainly using a filter for contour correction processing as shown in Fig. 8. The filter
for contour correction processing is a filter used to generate preover or preshoot in a contour part of an object on an
image to emphasize the contour of the object, thereby to emphasize the existence of the object.

[0064] A filter processing operation is performed on pattern (texture) parts or meshed parts of the object OB11 and
the object OB12 mainly using a filter for image quality (qualitative impression) improvement processing as shown in Fig.
9. The filter for image quality (qualitative impression) improvement processing is a filter used to emphasize a pattern
part on the surface of an object, thereby to improve the image quality (qualitative impression) of the object.

[0065] The filter for contour correction processing and the filter for image quality (qualitative impression) improvement
processing are both high-pass emphasizing type filters, that is, filters for emphasizing a region where a luminance value
changes violently. However, these filters differ from each other in terms of characteristics of a target region, that is, in
that, for example, which region, a contour part region or a pattern part region, is selected as a target or a region of which
band (luminance changing frequency) is selected as a target.

[0066] Specifically, high-pass emphasizing type filters used for contour correction processing and image quality (qual-
itative impression) improvement processing are called un-sharp masking filters. In un-sharp masking, a smoothed signal
obtained by smoothing an input signal is subtracted from the input signal to generate a high-pass signal and the high-
pass signal multiplied by a given gain is added to a source signal (a pixel value of a pixel to be processed), by which
high-pass emphasis is attained.

[0067] For example, it is supposed that a pixel to be processed is defined as a pixel X1 and two pixels used for
processing in the vicinity of the pixel X1 are defined as a pixel X0 and a pixel X2. It is also supposed that pixel values
of the pixels X0 to X2 are x0 to x2. Then, a pixel value Out of the pixel X1 which has been subjected to a filter processing
operation by un-sharp masking is obtained by calculating the following equation (4).

[Numerical Formula 4]

Out = x1+GCompy,; g, % Gain - (4)

[0068] Intheequation (4), Gain denotes a high-pass emphasis gain of a predetermined constantand Comppigh denotes
a value of a high-pass signal obtained by calculating the following equation (5).

[Numerical Formula 5]

ComDy g = X1 (x0+2-X1+x2) . (5)

[0069] Here, contour correction processing differs from image quality (qualitative impression) improvement processing
in terms of a value of Gain obtained by arithmetic operation of un-sharp masking shown in the equation (4). That is, the
value of Gain changes depending on characteristic of a region to be emphasized.

[0070] As mentioned above, a filter for contour correction processing is combined with a filter for image quality (qual-
itative impression) improvement processing, a correction value is obtained from each difference between each of filtered
output signals obtained by performing filter processing operations using the combined filters and an input signal and the
input signal is corrected with the obtained correction value, by which the quality of an image formed on the basis of the
input signal is improved.

[0071] Further, for example, it is supposed that an input signal input into the signal processing device 11 is an image
signal obtained by performing expansion processing (decode processing) on an image signal compressed (encoded)
by MPEG (Moving Picture Experts Group) system. In this case, mainly mosquito noise and block noise are thought to
be included in the input signal. Incidentally, the mosquito noise is noise with which a false contour generates in a contour
part of an object on an image.

[0072] Such mosquito noise and block noise as mentioned above are thought to be generated because high-order
information or a high-frequency component of an image is lost by quantization in DCT conversion (discrete cosine
conversion) conducted upon performing compression processing on an image. Then, as algorithms for reducing such
mosquito noise and block noise as mentioned above, for example, the following methods are known.

[0073] Asformosquito noise, there has been proposed a method of detecting an edge region of animage and removing
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the mosquito noise from the detected edge region while maintaining the sharpness of the image using a non-linear
smoothing filter, for example, as disclosed in Japanese Laid-Open Patent Publication No. 2004-336651.

[0074] As for block noise, there has been proposed a method of calculating a parameter necessary for judgment of
block distortion from inputimage data and judging whether block distortion is present on the basis of a result of calculation
of the parameter and a result of detection of a parameter indicative of the degree of difficulty of encoding an image, for
example, as disclosed in International Publication Pamphlet No. WO 98/54892. In this method, a correction value used
to reduce the block distortion is calculated in accordance with a result of judgment as to presence of block distortion
and the input image data is corrected with the calculated correction value.

[0075] As methods of removing mosquito noise and block noise, there have been proposed many methods other than
the above methods.

[0076] Block noise and mosquito noise are generated in different regions on an image. Specifically, in many cases,
block noise is generated in a region around a boundary between adjacent DCT blocks on an image, for example, as
shown in Fig. 10.

[0077] InFig. 10, one square indicates one DCT block on an image and a shaded region is a region where block noise
has been generated. That is, the block noise is generated in a part around a boundary between adjacent DCT blocks.
[0078] On the other hand, in many cases, mosquito noise is generated in a region around the contour of an object on
an image, for example, as shown in Fig. 11. In Fig. 11, a shaded region indicates a region where the mosquito noise
has been generated.

[0079] In Fig. 11, two objects, an object OB31 and an object OB32, are present on an image. Mosquito noise has
been generated in edged regions such as contour parts of the object OB31 and the object OB32.

[0080] Therefore, in many cases, afilter for removing block noise and a filter for removing mosquito noise are designed
to exhibit effect concentrating on aregion of a part around a boundary between adjacent DCT blocks and an edged region.
[0081] In addition, in the feature of each noise, in order to remove block noise, it may be necessary to correct discon-
tinuity of small amplitude of the noise using pixels within a somewhat wider region. Therefore, as a filter for removing
the block noise, in many cases, a long tap type low-pass filter, for example, such as a smoothing filter is used. Here,
the small amplitude means that a difference between luminance values of mutually adjacent pixels on an image is
relatively small.

[0082] On the other hand, in the case that mosquito noise is to be removed, processing is performed mainly on pixels
around an edge and hence, in many cases, a filter having an edge saving property such as a ¢ filter is used as a filter
for removing the mosquito noise. A filter having an edge saving property is a filter by which an edge on an image, that
is, a step difference in luminance will not be lost even if a filter processing operation is performed on the edge.

[0083] Thus, in the signal processing device 11, in the case that block noise and mosquito noise are to be removed
from an input signal, as filters to be used in the filter processing units 22, for example, a smoothing filter and a ¢ filter
are adopted.

[0084] Inthe case as mentioned above, the signal processing device 11 is constructed, for example, as shown in Fig.
12. That is, the signal processing device 11 shown in Fig. 12 is constituted by the buffer 21, the mixing unit 23, a BNR
(Block Noise Reduction) processing unit 91 and an MNR (Mosquito Noise Reduction) processing unit 92. Incidentally,
in Fig. 12, the same numerals are assigned to parts corresponding to those in Fig. 1 and the description thereof will be
appropriately omitted.

[0085] The BNR processing unit 91 corresponds to the filter processing unit 22-1 and holds therein, for example, a
smoothing filter. That is, the BNR processing unit 91 performs a filter processing operation on an input signal from the
buffer 21 using the smoothing filter held therein and supplies a filtered output signal obtained as a result of execution of
the filter processing operation to the subtracting unit 51-1 of the mixing unit 23.

[0086] The MNR processing unit 92 corresponds to the filter processing unit 22-2 and holds therein, for example, a¢€
filter. That is, the MNR processing unit 92 performs a filter processing operation on an input signal from the buffer 21
using the ¢ filter held therein and supplies a filtered output signal obtained as a result of execution of the filter processing
operation to the subtracting unit 51-2 of the mixing unit 23.

[0087] That is, in the signal processing device 11 shown in Fig. 12, the filter processing unit 22-1 in Fig. 1 with a
smoothing filter held therein acts as the BNR processing unit 91 and the filter processing unit 22-2 in Fig. 1 with a € filter
held therein acts as the MNR processing unit 92.

[0088] As in the case with the signal processing device 11 shown in Fig. 1, in the signal processing device 11 shown
in Fig. 12, when an input signal is supplied to the device, processing which is the same as the noise reduction processing
described with reference to the flowchart in Fig. 3 is performed to generate an output signal obtained by removing the
block noise and the mosquito noise from the input signal.

[0089] Inthis case, at step S12, the BNR processing unit 91 performs a filter processing operation on the input signal
from the buffer 21 using the smoothing filter and supplies the filtered output signal obtained as a result of execution of
the filter processing operation to the subtracting unit 51-1 of the mixing unit 23. Likewise, the MNR processing unit 92
performs a filter processing operation on the input signal from the buffer 21 using the ¢ filter and supplies the filtered
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output signal obtained as a result of execution of the filter processing operation to the subtracting unit 51-2 of the mixing
unit 23.

[0090] Then, in the mixing unit 23, an output signal is generated from the input signal from the buffer 21, the filtered
output signal from the BNR processing unit 91 and the filtered output signal from the MNR processing unit 92. That is,
a difference between the filtered output signal from the BNR processing unit 91 and the input signal is obtained and the
difference obtained is defined as a difference signal and a difference between the filtered output signal from the MNR
processing unit 92 and the input signal is obtained and the difference obtained is defined as a difference signal. Then,
the mixing processing unit 52 calculates the equations (1) to (3) from the obtained difference signals and the input signal
to obtain a signal value of the output signal.

[0091] Forexample,itis supposed that bnr-in denotes a signal value of a filtered output signal from the BNR processing
unit 91 and mnr-in denotes a signal value of a filtered output signal from the MNR processing unit 92. It is also supposed
that dif; denotes a difference between the signal value bnr-in of the filtered output signal and the signal value Input of
the input signal, that is, a signal value of the difference signal and dif, denotes a difference between the signal value
mnr-in of the filtered output signal and the signal value Input of the input signal, that s, a signal value of the difference signal.
[0092] In the above mentioned situation, in the case that the product of the signal value dif; and the signal value dif,
is 0 or more and an absolute value of the signal value dify is larger than or equal to an absolute value of the signal value
dif,, the sum of the signal value Input and the signal value dif; is defined as the output value Out of the output signal,
for example, as shown in Fig. 13.

[0093] Incidentally, in Fig. 13, the signal value Input of the input signal, the signal value mnr-in of the filtered output
signal from the MNR processing unit 92, the signal value bnr-in of the filtered output signal from the BNR processing
unit 91 and the signal value Out of the output signal are shown in this order laterally from the left to the right. The vertical
axis indicates the magnitudes of the above mentioned signal values.

[0094] Inthe example shown in Fig. 13, the signal value mnr-in and the signal value bnr-in of the filtered output signals
are larger than the signal value Input of the input signal, so that the product of the difference between the input signal
and one filtered output signal and the difference between the input signal and the other filtered output signal will be 0
or more. As for the signal values of the filtered output signals, the signal value bnr-in is larger than the signal value mnr-
in, so that the signal value dif; of the difference signal obtained from the filtered output signal from the BNR processing
unit 91 is defined as the correction value dify,,. Then, a value obtained by adding the correction value dify, to the
signal value Input of the input signal is defined as the signal value Out of the output signal.

[0095] On the other hand, in the case that the product of the signal value dif; and the signal value dif; is less than 0,
the sum of the signal value Input, the signal value dif; and the signal value dif, is defined as the signal value Out of the
output signal, for example, as shown in Fig. 14.

[0096] Incidentally, in Fig. 14, the signal value Input of the input signal, the signal value mnr-in of the filtered output
signal from the MNR processing unit 92, the signal value bnr-in of the filtered output signal from the BNR processing
unit 91 and the signal value Out of the output signal are shown in this order laterally from the left to the right. The vertical
axis indicates the magnitudes of the above mentioned signal values.

[0097] In the example shown in Fig. 14, the signal value mnr-in of the filtered output signal is larger than the signal
value Input of the input signal and the signal value bnr-in of the filtered output signal is smaller than the signal value
Input of the input signal, so that the product of the difference between the input signal and one filtered output signal and
the difference between the input signal and the other filtered output signal will be less than 0. Therefore, the sum of the
signal value dif; of the difference signal obtained from the filtered output signal from the BNR processing unit 91 and
the signal value dif, of the difference signal obtained from the filtered output signal from the MNR processing unit 92 is
defined as the correction value difyy,. Then, a value obtained by adding the correction value dify,, to the signal value
Input of the input signal is defined as the signal value Out of the output signal. In the example shown in Fig. 14, the
signal value Out of the output signal is smaller than the signal value Input of the input signal.

[0098] By using the smoothing filter and the ¢ filter in combination in the signal processing device 11 as mentioned
above, block noise and mosquito noise are readily and surely removed from an input signal.

[0099] Ingeneral,inthe case thatblock noise and mosquito noise are to be removed from an input signal simultaneously,
a filter used to remove the block noise differs from a filter used to remove the mosquito noise in terms of a region on an
image to which each filter will work effectively, but this fact may not mean that these filters will work totally exclusively.
Thus, in a system in which any one of filters (filter processing operations) is alternatively selected in accordance with a
region to be processed on an image, the noise removing effect may be reduced. In addition, since different type filters
are used, substitution of one filter for the other filter is difficult.

[0100] On the other hand, in the signal processing device 11, the effect of each filter processing operation is exhibited
by correcting an input signal with a correction value determined in accordance with each sign and each absolute value
of each signal value of each difference signal, without inducing a breakdown due to execution of mixing processing.
That is, at least one filter processing operation is secured and hence noise is more surely removed from the input signal
with no generation of any unnatural artifact on an image.
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[0101] In addition, in the signal processing device 11, it may not be necessary to install a mechanism for detecting a
region to be processed for each filter and use of a plurality of filters may not induce too much emphasis of the effect
brought about by the filters used. Further, since changeover of a filter used may not be necessary, time-directional and
space-directional stability of filter processing may not be reduced. That is, it may not occur that a filter processing
operation which is different for different time is performed on a region of the same part of an image and an unnatural
boundary between adjacent regions appears on an image due to changeover of a filter used.

[0102] Further,inthe signal processing device 11, the calculation costand the production cost are reduced as compared
with a situation where respective filter processing operations are series-coupled and such an unintended operation may
not be performed that a region on an image which is to be subjected to another filter processing operation is not detected
due to the influence of execution of a predetermined filter processing operation and an appropriate filter processing
operation is not performed.

[0103] Anexample in which an output signal is generated using filtered output signals obtained by two filter processing
units 22 (the BNR processing unit 91 and the MNR processing unit 92) and an input signal has been described, however
the number of filter processing units 22 is not limited to two, but three or more filter processing units may be incorporated
into the image processing device.

[0104] In the situation as mentioned above, in each of a plurality of filter processing units 22 incorporated into the
signal processing device 11, a filter processing operation is performed on an input signal and each difference between
each filtered output signal obtained in each filter processing unit 22 and the input signal is obtained to generate each
difference signal. Then, among signal values of difference signals generated, a maximum signal value is defined as a
signal value dif;’ corresponding to the signal value dif; in the equation (2) and a minimum signal value is defined as a
signal value dif,” corresponding to the signal value dif, in the equation (2).

[0105] Thatis, the mixing processing unit 52 calculates the following equations (6) to (8) to obtain a correction value
difyoiq @nd calculates the sum of the obtained correction value dify,, and the signal value Input of the input signal in
accordance with the equation (1) to obtain a signal value Out of an output signal.

[Numerical Formula 6]

dify =max(dif,:i=1,...n) e (8)

[Numerical Formula 7]

dify =min(dif;:i=1,...n) e (7)

[Numerical Formula 8]
dif, +dif, (dify -dif,’ <0)

difroral =
©tal T max_abs (dify’, dif,)  (dify-dif, >0)

e (8)

[0106] Inthe equation (6), among signal values dif; to dif,, of difference signals obtained from respective filtered output
signals from n filter processing units 22, a maximum signal value dif; (1<i<n) is defined as the signal value dif;".

[0107] Inthe equation (7), among signal values dif; to dif,, of difference signals obtained from respective filtered output
signals from n filter processing units 22, a minimum signal value dif; (1<i<n) is defined as the signal value dif,’".

[0108] Then, in the equation (8), the product of the signal value dif;” and the signal value dif,’ is obtained. In the case
that the sign of the obtained product of the signal value dif;" by the signal value dif,’ is negative, that is, the value of the
product is less than 0, the sum of the signal value dif;’ and the signal value dif,’ is defined as the correction value dify,).
[0109] In the case that the sign of the product of the signal value dif;’ by the signal value dif,’ is positive, that is, the
value of the product is 0 or more, of the signal value dif;’ and the signal value dif,’, one signal value of an absolute value
larger than that of the other signal value is defined as the correction value dify,,.

[0110] As mentioned above, in the case that three or more filter processing units 22 are incorporated into the signal
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processing device 11 and three or more filters are used, among signal values of difference signals, a maximum signal
value and a minimum signal value are used to obtain a correction value. Thus, among a plurality of filters, only a filter
which is superior to the other filters in noise removing effect exhibited on the input signal is used for execution of a filter
processing operation. As a result, it may not occur that due to too much emphasis of the input signal, effects of respective
filters are canceled out, and noise is more readily and surely removed from the input signal. That is, one or two filter
processing operation(s) performed by one or two filter(s) among the plurality of filters is(are) secured.

[0111] A method of obtaining a correction value using difference signals obtained from some filters which will work
more effectively on an input signal than other filters in a plurality of filters in the above mentioned manner is applied not
only to the case where block noise reduction processing and mosquito noise reduction processing are performed on an
image signal obtained by further expanding an image compressed, for example, by MPEG system, but also to the case
where noise other than the block noise and the mosquito noise is to be removed. That is, the method is applied to, for
example, the case where noise removal is to be conducted in a plurality of space directions on an image or the case
where space-directional noise removal and time-directional noise removal are to be simultaneously conducted on an
image.

[0112] Inaddition, the signal processing device 11 may be applied not only to generalimage processing to be performed
on an image signal such as contour emphasis and improvement of sharpness, but also to general filter processing to
be performed on an electric signal such as removal of noise from a sound signal.

[0113] Although, the example in which each difference between an input signal and each filtered output signal is
obtained in the mixing unit 23 has been described, the difference between the input signal and each filtered output signal
may be obtained in each of the filter processing units 22 (the BNR processing unit 91 and the MNR processing unit 92).
In the latter case, the subtracting unit 51 may be eliminated from the mixing unit 23.

[0114] The above mentioned series of processing operations may be executed by means of either hardware or software.
In the case that the series of processing operations is to be executed by means of software, a program constituting the
software is installed into a computer which is incorporated into special purpose hardware or into, for example, a general
purpose computer realizing execution of various functions by installing thereinto various programs through a program
storage medium.

[0115] Fig. 15 is a block diagram showing a structural example of hardware of a computer for executing the above
mentioned series of processing operations in accordance with a program.

[0116] Inthe computer, a CPU (Central Processing Unit) 201, a ROM (Read Only Memory) 202 and a RAM (Random
Access Memory) 203 are connected to one another via a bus 204.

[0117] An input/output interface 205 is also connected to the bus 204. An input unit 206 constituted by a keyboard, a
mouse and a microphone, an output unit 207 constituted by a display and a loudspeaker, a recording unit 208 constituted
by a hard disc and a non-volatile memory, a communication unit 209 constituted by a network interface and a drive 210
for driving a removable medium 211 such as a magnetic disc, an optical disc, a magneto-optical disc or a semiconductor
memory are connected to the input/output interface 205.

[0118] Inthe computer constructed as mentioned above, the CPU 201 loads a program recorded, for example, on the
recording unit 208 into the RAM 203 via the input/output interface 205 and the bus 204 and executes the program, by
which the above mentioned series of processing operations is performed.

[0119] A program to be executed by the computer (the CPU 201) is provided by being recorded on the removable
medium 211 which is a package medium constituted by, for example, a magnetic disc (including a flexible disc), an
optical disc (CD-ROM (Compact Disc-Read Only Memory), a DVD (Digital Versatile Disc) and others), a magneto-optical
disc or a semiconductor memory or is provided via a wire or wireless transmission medium such as a local area network,
Internet or digital satellite broadcasting.

[0120] A program may be installed into the recording unit 208 via the input/output interface 205 by mounting the
removable medium 210 onto the drive 210. In addition, a program may be received by the communication unit 209 via
a wire or wireless transmission medium and then may be installed into the recording unit 208. Further, a program may
be installed in advance into the ROM 202 or the recording unit 208.

[0121] Incidentally, a program to be executed by a computer may be a program in accordance with which processing
operations are performed in time series in the order described in the present specification or a program in accordance
with which several processing operations are performed in parallel with one another or a processing operationis performed
at an appropriate timing such as a timing at which a call has been given.

[0122] The present application contains subject matter related to that disclosed in Japanese Priority Patent Application
JP 2008-094846 filed in the Japan Patent Office on April 1, 2008, the entire content of which is hereby incorporated by
using their reference.

[0123] It should be understood by those skilled in the art that embodiments of the present invention are not limited to
the above mentioned embodiments, but the present invention may be modified and altered in a variety of ways within
a range without departing from the scope of the present invention.
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Claims

1.

A signal processing device for performing filter processing operations on an input signal using a plurality of filters
to generate an output signal, comprising:

filter processing means for performing a filter processing operation on said input signal using a filter; and
generating means for generating said output signal by adding a correction value determined on the basis of
each sign and each absolute value of each difference between each of filtered output signals obtained by filter
processing operations performed using a plurality of said filter processing means and said input signal, to said
input signal.

The device according to Claim 1, wherein

in the case that, among differences between each of the filtered output signals and the input signal, the product of
a difference of a maximum value and difference of a minimum value is zero or more, said generating means defines
one of the difference of the maximum value and the difference of the minimum value which has a larger absolute
value as said correction value.

The device according to Claim 1, wherein in the case that, among differences between each of the filtered output
signals and the input signal, the product of a difference of a maximum value and a difference of a minimum value
is less than zero, said generating means defines the sum of the difference of the maximum value and the difference
of the minimum value as said correction value.

The device according to Claim 1, wherein first filter processing means of said plurality of filter processing means
performs said filter processing operation using a filter for performing smoothing processing and second filter process-
ing means of said plurality of filter processing means performs said filter processing operation using a filter having
an edge saving property.

A signal processing method for performing filter processing operations on an input signal using a plurality of filters
to generate an output signal, comprising the steps of:

performing afilter processing operation on said input signal by means of filter processing means using a filter; and
generating said output signal by adding a correction value determined on the basis of each sign and each
absolute value of each difference between each of filtered output signals obtained by the filter processing
operations performed using a plurality of said filter processing means and said input signal, to said input signal.

A signal processing program used for performing filter processing operations on an input signal using a plurality of
filters to generate an output signal and making a computer execute processing, comprising the steps of:

performing afilter processing operation on said input signal by means of filter processing means using a filter; and
generating said output signal by adding a correction value determined on the basis of each sign and each
absolute value of each difference between each of filtered output signals obtained by the filter processing
operations performed using a plurality of said filter processing means and said input signal, to said input signal.

A signal processing device performing filter processing operations on an input signal using a plurality of filters to
generate an output signal, comprising:

a filter processing unit configured to perform a filter processing operation on said input signal using a filter; and
a generating unit configured to generate said output signal by adding a correction value determined on the basis
of each sign and each absolute value of each difference between each of filtered output signals obtained by
said filter processing operations performed using a plurality of said filter processing units and said input signal,
to said input signal.
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